Background: Portal hypertension is a major complication of liver cirrhosis. Transjugular intrahepatic portosystemic shunt is effective in treatment of portal hypertension. However, decreased parenchymal portal venous flow after transjugular intrahepatic portosystemic shunt insertion favours ischaemic liver injury which has been discussed to induce hepatocarcinogenesis causing hepatocellular cancer. Aim: This study aimed to explore the association between transjugular intrahepatic portosystemic shunt placement and the development of hepatocellular cancer. Methods: A total of 1338 consecutive liver cirrhosis patients were included in this retrospective study between January 2004-December 2015. Data were analysed with regard to development of hepatocellular cancer during follow-up. Binary logistic regression and Kaplan-Meier analyses were conducted for the assessment of risk factors for hepatocellular cancer development. In a second step, to rule out confounders of group heterogeneity, case-control matching was performed based on gender, age, model of end-stage liver disease score and underlying cause of cirrhosis (non-alcoholic steatohepatitis, alcoholic liver disease and viral hepatitis). Results: Besides established risk factors such as older age, male gender and underlying viral hepatitis, statistical analysis revealed the absence of transjugular intrahepatic portosystemic shunt insertion as a risk factor for hepatocellular cancer development. Furthermore, matched-pair analysis of 432 patients showed a significant difference (p ¼ 0.003) in the emergence of hepatocellular cancer regarding transjugular intrahepatic portosystemic shunt placement versus the nontransjugular intrahepatic portosystemic shunt cohort. Conclusion: In patients with end-stage liver disease, transjugular intrahepatic portosystemic shunt insertion is significantly associated with reduced rates of hepatocellular cancer development.
Introduction
The main complication of liver cirrhosis is portal hypertension which often causes variceal bleeding, therapyrefractory ascites and hepatorenal syndrome. Since the first description of transjugular intrahepatic portosystemic shunt (TIPS) insertion in dogs mentioned by Ro¨sch et al. 1 in 1969, the first successful TIPS insertion in patients was realised by Ro¨ssle et al. in Freiburg, Germany, in 1988. 2 Nowadays, TIPS is regarded as an established procedure in the treatment of the above-mentioned consequences of liver cirrhosis resulting in a significantly reduced portal pressure. A more recent study from Garcia-Pagan et al. 3 not only showed better prevention of re-bleeding rates but also a reduction of mortality in patients receiving TIPS versus endoscopic ligation therapy for secondary prophylaxis of variceal bleeding. Another feared complication of liver cirrhosis is the occurrence of hepatocellular carcinoma (HCC). 4 Therefore, the surveillance of patients with liver cirrhosis is mandatory to improve prognosis by detecting HCC as early as possible in this high-risk population. According to the literature, additional risk factors for the development of HCC are male gender, older age, high CHILD-PUGH class (class B or C), the presence of viral hepatitis, and alcoholic aetiology of liver cirrhosis. 5, 6 A first description of a possible association between porto-systemic shunt and the development of HCC was published in a post-mortem histological study in the early 1980s. 7 In this study, the authors found a higher prevalence of HCC in patients with surgical porto-systemic shunt. Recently, TIPS has become the most frequently used option of non-surgical porto-systemic shunting for the treatment of portal hypertensive complications. 8 In a retrospective case-control study, Banares et al. 9 suggested an association between the development of HCC and the placement of TIPS in patients who were mostly CHILD-PUGH C. Further studies from Libbrecht et al. 10 and De Santis et al., 11 however, did not show such an association, and a similar incidence of primary liver cancer was detected in patients suffering from liver cirrhosis with and without TIPS. Further, a retrospective study from Borentain et al. 12 did not find a clear association between TIPS insertion and development of HCC but the prevalence of liver cell dysplasia in patients with patent stent was increased. Specifically, small cell dysplasia, which is known to be a precancerous lesion, 13 was detected to be similar between patients with and without TIPS, while large cell dysplasia was found to occur more frequently in cirrhotics with an indwelling stent. Some authors suggest that TIPS insertion may lead to reduced hepatic parenchymal oxygenation due to the diversion of portal venous blood flow into the systemic circulation resulting in an activation of hepatic stellate cells, an induction of neoangiogenesis and an increase in the secretion of various growth factors such as hepatocyte growth factor and vascular endothelial growth factor 14 and, thus, possibly triggering hepatocarcinogenesis. By contrast, other studies have showed improved arterial blood flow in cirrhotic patients [15] [16] [17] with adequate oxygenation of liver parenchyma after TIPS insertion. So, to date, just a few studies in small patient cohorts and with non-uniform results have explored the association of TIPS insertion and the development of HCC. Therefore, to tackle the above correlation more conclusively we, to the best of our knowledge, have conducted the largest study reported so far.
Patients and methods
We performed a retrospective study analysing patients with end-stage liver disease referred to Muenster University Hospital between January 2004-December 2015. The local Ethics Committee approved this study (reference number: 2016-046-f-S; approved 28 April 2016). A total of 2012 patient records were available to be analysed at our institution. The diagnosis of cirrhosis was made either via liver biopsy, ultrasound findings, and the presence of clinical and laboratory features compatible with cirrhosis or transient elastography. Inclusion criteria were the following: all patients underwent general physical examination and laboratory testing. Participants were eligible for the study if they were at least 18 years of age and suffering from end-stage liver disease. For further statistical analysis patients with evidence of HCC based on conventional ultrasound or other imaging studies at the time of the initial medical visit were excluded. Furthermore, patients with HCC development within six months after initial presentation or with a follow-up of less than six months were also excluded. Likewise, patients with permanent TIPS dysfunction/occlusion were excluded. Therefore, the remaining 1338 patients constituted the final cohort. Of these patients, 259 received TIPS placement (TIPS cohort) and 1079 did not (non-TIPS cohort).
In a second step, patients were compared with each other relating to TIPS insertion. Matching of age, gender, underlying causes of liver cirrhosis (nonalcoholic steatohepatitis (NASH), alcoholic liver disease, viral hepatitis) and severity of liver cirrhosis determined by the model for end-stage liver disease score (MELD score) was performed. A total of 432 patients were eligible for statistical analysis. Two hundred and sixteen patients underwent non-covered (n ¼ 57) or covered (n ¼ 159) TIPS insertion procedure. In all patients the objective MELD score was determined to judge the clinical status and the severity of chronic liver disease. MELD score was calculated using the following values: creatinine, bilirubin, clotting time in the formula according to the modified method of Wiesner et al. 18 3.78(Ln serum bilirubin (mg/dl))þ11.20 (Ln international normalized ratio)þ9.57 (Ln serum creatinine (mg/dl))þ6.43
TIPS procedure
TIPS procedures in our centre were conducted in close collaboration with an interventional radiologist and gastroenterologist using standard techniques. 19 A transjugular venous approach was performed followed by catheterisation of the right hepatic vein. In the next step, puncture of an intrahepatic branch of the portal vein was conducted followed by measurement of portal pressure and blood pressure of the right atrium. Then dilation of the liver parenchyma followed. Optimal stent length was defined using a special catheter with opaque markers. Non-covered nitinol (E-Luminexx, Bard PV, Tempe, USA) or covered nitinol stents (Viatorr, Gore Medical, Newark, USA) were used for the insertion procedure. After stent placement the pressures of the portal vein and the right atrium were measured again using an Exadyn transducer set (Braun, Melsungen, Germany). Difference of the portal pressure minus the right atrium pressure resulted in the portal pressure gradient. Doppler ultrasonography was performed the next day after TIPS placement controlling stent patency. Every six months after insertion stents were checked by ultrasonography. A first interventional angiography follow-up of TIPS was performed after 12 months or earlier in case of sonographic evidence of stenosis or clinical features of recurrent portal hypertension. In case of re-stenosis or occlusion re-intervention was performed during the angiographic examination.
HCC detection
Diagnosis of HCC was made according to clinical practice guidelines. 20, 21 HCC detection in follow-up every six months was made using ultrasonography (even with contrast agent), laboratory values (alpha-fetoprotein (AFP)) and clinically. In patients suspected of HCC, computed tomography (CT) or magnetic resonance imaging (MRI) or even biopsy was performed as a matter of course. Localization and size of HCC was measured based on CT or MRI imaging.
Statistics
Results are expressed as medians with interquartile range (IQR) or ranges, means with standard deviation (SD) or numbers/percentages. Non-continuous parameters were analysed by chi-square test and continuous parameters were analysed by Mann-Whitney U-test as appropriate. A p-value below 0.05 was considered statistically significant.
The cumulative probability of developing HCC in the TIPS-and non-TIPS cohorts, respectively, of the entire study population was calculated via KaplanMeier analysis and curves were compared using the log-rank test. The cumulative incidence of the first HCC diagnosis at one, three and five years of followup was calculated.
Univariate analysis for identifying possible predictors of HCC development was performed. Only variables considered statistically significant by univariate analysis were used for multivariate analysis to identify independent predictive factors for HCC development.
In a second step, case-control matching on confounding variables to account for pre-existing differences was performed on a 1:1 basis. The primary endpoint was HCC diagnosis during follow-up.
Statistical analysis of factors influencing the development of HCC after TIPS insertion was performed using IBM SPSS Statistics 24 (IBM Corp., Armonk, New York, USA) evaluating whether, in our patient cohort, TIPS placement represents a statistically significant risk factor for the development of HCC in endstage liver disease patients or not.
Results
A total of 1338 patients met the inclusion criteria and were considered in our statistical analysis. The causes of cirrhosis mainly encompassed alcoholic liver disease, NASH and viral hepatitis. The incidence per 100 person years of HCC in our study cohort was 0.14 which is in accordance with previous studies. 22 Baseline characteristics of the entire study population are presented in Table 1 . In binary logistic regression analyses older age, male gender and underlying viral hepatitis B or C were detected as significant risk factors for HCC development. Furthermore, higher MELD score, alcoholic liver cirrhosis and NASH were associated with a higher rate of HCC development ( Table 2 ). Binary regression analysis also revealed TIPS implantation to be significantly negatively correlated with HCC occurrence. Prior episodes of hepatic encephalopathy or spontaneous bacterial peritonitis were not associated with higher risk of HCC development.
In our study cohort, the cumulative probability of developing HCC was calculated via Kaplan-Meier analysis and was found significantly greater in the non-TIPS group (log-rank test: p ¼ 0.002) (Figure 1 ). The cumulative rate of HCC diagnosis at one, three and five years of follow-up was 7%, 11% and 20% for the non-TIPS cohort and 1%, 2% and 11% for the TIPS patients, respectively.
Case control matching based on the abovementioned parameters was performed to specify the influence of TIPS on HCC development and to rule out confounders of group heterogeneity. Of 216 patients per matched group, 141 were male (65%), 75 were female (35%). The median age was 58 years (51-65) in the TIPS group and 58 years (50-65) in the non-TIPS patients. The median MELD score was 12 (10) (11) (12) (13) (14) (15) in the TIPS cohort and 11.7 (9.2-4.4) in the non-TIPS population ( Table 3) .
The aetiology of liver disease was alcohol, NASH, hepatitis B, hepatitis C, autoimmune liver disease and cryptogenic liver disease in most cases (Table 3) . Among those parameters, only primary sclerosing cholangitis (PSC) was statistically differently distributed in the two cohorts. Laboratory values of both groups including serum bilirubin, international normalized ratio (INR), and creatinine are also shown in Table 3 . HCC was diagnosed in eight patients (3.7%) of the TIPS group and in 24 non-TIPS patients (11%; p ¼ 0.003). HCC lesions were predominantly located in the right hepatic lobe, i.e. the site of TIPS insertion (Table 3 ).
Discussion and conclusion
Previous studies have analysed risk factors for HCC development in patients with liver cirrhosis.
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In binary regression analysis, we found established variables to be associated with HCC development (older age, male gender, severity of liver disease, underlying viral hepatitis B or C, alcoholic liver disease, NASH and hereditary liver disease). This is in accordance with previous findings that describe higher risk in patients with hepatitis infection 23 in addition to older age, male gender, severity of liver disease and alcoholic liver disease. 24, 25 Former studies also suggest TIPS to be associated with an increased risk of HCC. 9 However, study data are controversial concerning TIPS and its impact on HCC development. A study by De Santis et al. 11 was not able to show a significant association of TIPS with HCC, although a trend towards higher HCC incidence in the TIPS cohort could be detected. Consistent with the data from De Santis et al., 11 in almost all cases of our study population, HCC occurred in lobule of TIPS insertion (right lobe) but this association missed the significance level. In contrast, in our investigation we could not detect TIPS to be related to a higher risk for HCC development. Both, Kaplan-Meier analyses and binary regression analysis of the entire study cohort as well as the matched case control evaluation showed the implantation of a TIPS shunt to be a protective factor with regard to the development of HCC.
As hypoxaemia is known to induce factors which regulate transcription of genes involved in cellular metabolism, inflammation, angiogenesis and proliferation, 26 one might speculate that TIPS has an unfavourable effect on the hepatic blood supply. Some authors have suggested that TIPS insertion may lead to reduced hepatic parenchymal oxygenation due to diverting portal venous blood flow into the systemic circulation resulting in an activation of hepatic stellate cells, an induction of neoangiogenesis and an increased secretion of various growth factors such as hepatocyte growth factor and vascular endothelial growth factor. 14 On the other hand, a study from Patel et al. 16 showed an increased blood flow in the hepatic artery after TIPS insertion. Furthermore, a study from Stankovic et al. 17 was also able to demonstrate changes in portal and splanchnic arterial haemodynamics in TIPS patients using four-dimensional flow MRI. 17 Weidekamm et al. 15 documented a statistically significant increase of the hepatic artery flow and of total hepatic perfusion after TIPS insertion using dynamic CT whereas no changes of the venous parenchymal perfusion could be observed. Taken together, improved arterial blood flow via the liver artery, potentially leading to better oxygenation in liver tissue and thus reducing the risk for the development of reactive oxygen species which are suggested to be involved in carcinogenesis, 27 might contribute to a reduced risk of HCC.
Another aspect of the extenuated incidence of HCC in our TIPS cohort might be the impact of reduced portal hypertension on leaky gut. Patients with liver cirrhosis are at risk for the development of intestinal dysbiosis resulting in proinflammation. 28 A review from Roderburg and Luedde 28 discussed evidence suggesting intestinal microbiota are involved in the development of HCC due to the presence of pathogenassociated molecular patterns (PAMPs) such as Log rank p<0.002 Figure 1 . Kaplan-Meier curves showing cumulative probability of hepatocellular carcinoma development in patients with liver cirrhosis and implantation of transjugular portosystemic shunt (TIPS) (green line) compared to non-TIPS cirrhotic patients (blue line). The cumulative rate of hepatocellular carcinoma (HCC) diagnosis at one, three and five years was 7%, 11% and 20% for the non-TIPS cohort and 1%, 2% and 11% for the TIPS patients, respectively. lipopolysaccharides (LPS). Zhang et al. 29 reported dysbiosis to be associated with elevated portal LPS levels eventually resulting in hepatocarcinogenesis. TLR4 acts as a receptor for LPS and has been shown to be proinflammatory and to trigger profibrotic signalling pathways leading to liver fibrosis and is suggested to be directly connected with hepatocarcinogenesis. 30 Furthermore, Tao et al. 31 described a breakdown in intestinal barrier function to be involved into the development of HCC due to endotoxaemia caused by bacterial translocation. In patients with portal hypertension, gut permeability increases resulting in spontaneous bacterial peritonitis due to transmural migration of toxins and bacteria. 32 Finally, damaged intestinal barrier function and bacterial overgrowth might favour the development of HCC.
A recent study by Meng and colleagues 33 found reduced levels of LPS, as a surrogate parameter of bacterial translocation, in the portal vein after TIPS insertion. Furthermore, non-selective beta-blockers that are also used for lowering portal hypertension have been associated with a lower risk of HCC in a retrospective study of 291 patients with hepatitis C-related cirrhosis receiving either propranolol or not. 34 A further metaanalysis recently published was also in favour of nonselective beta-blockers in regard to the development of HCC suggesting an important role of portal hypertension-related bacterial translocation promoted by increased intestinal permeability and shift in the gut microbiome that can be positively influenced by nonselective beta-blockers. 35 This notion might be supported by the study from Ripoll et al. 36 documenting a hepatic venous pressure gradient (HVPG) >10 mm Hg to be associated with a six-fold increase of HCC risk in patients with liver cirrhosis.
Therefore, we hypothesise that reduction of the portal hypertension by TIPS results in less gut permeability with less migration of microbial and toxic agents such as PAMPs and LPS, leading to less liver inflammation and thus levelling off the carcinogenic effects of TIPS placement such as hypoxia.
In conclusion, in the present study TIPS insertion could not be associated with higher incidence of HCC because of portal hypertension. Conversely, TIPS patients developed lower rates of HCC possibly due to increased hepatic arterial blood flow and reduction of gut permeability which may alleviate hepatocarcinogenic processes. Provocatively, our results might suggest that all patients with cirrhosis should go for TIPS installation. However, since this is a monocentric study such conclusions should not be drawn. Nevertheless, the findings of our study suggest a higher rate of HCC in non-TIPS patients that treating physicians might bear in mind in terms of surveillance of their patients.
Limitations
We do recognise that potential patient selection and information biases as results of the retrospective study design might have weakened the validity of the findings presented here. Also, the detection rate in the past might not have checked for all liver diseases, resulting in the diagnosis of cryptogenic liver disease, even possibly resulting in changes of group numbers, e.g. in the NASH group. Furthermore, as a tertiary referral centre the patient cohort with the percentage of underlying liver diseases might not reflect the situation observed at other hospitals. On the other hand, our study in a large number of subjects was solely performed at one medical institution with a uniform clinical, diagnostic and therapeutic work-up for patients with end-stage liver disease.
Furthermore, the duration of cirrhosis as a known risk factor for the development of HCC could not be assessed at the time of first presentation due to the retrospective character of our study. However, case-control matching as a quasi-experimental study design should have reduced the selection bias and improved the internal validity of our study thus evening out, at least in part, the abovementioned factors. In the end, the appropriate matching of the non-TIPS cohort with the TIPS population, as well as the use of Cox regression analysis as a standard statistical procedure, strongly indicates that TIPS insertion reduces the risk of HCC development in patients with end-stage liver disease.
